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(54) Method for manufacturing capacitor elements on a semiconductor suhstrate 



(57) A method tor manufacturing integrated capac- 
itiva elements (C) on a semiconductor substrate (1), 
comprising at least the steps of; 

forming a first dielectric layer (2) over said semicon- 
ductor substrate (1); 

depositing a first metallization layer (3) on said first 
dielectric layer (2): 

defining said first metallization layer (3) lo provide 
tower plates (4) ol capacity elements and inter- 
connection pads (5) in said dielectric layer (2); 

forming a second dielectric layer (Q) over said first 
dielectric layer, 

forming first openings (7) aiio/ied wiih said lower 
piatss through said second dielectric layer; 

depositing a third dielectric layer (S) on said first di- 
electric layer and ins'fde said first openings (7); 

forming, second openings (9) through said third di- 
electric layer aligned with said interconnection pads 

(5); 

depositing a fourth dielectric layer (1 0) on the whole 
water surface, said fourth dielectric layer (10) being 
"etchabte" in a completely selective manner relative 
lo said third dielectric layer (8); 

forming third openings (11 ) through said fourth die- 
lectric layer aligned with said bwer plates (4) as far 
down ae the third dielectric layer (8); 



forming fourth openings (12) through said fourth di- 
electric layer (10), and the second dielectric layer 
(6) beneath, aligned with the second openings as 
far down ae said pads (5); 

depositing a second metallization layer (13) and in 
said third (11 ) and fourth (1 2) openings, to respec- 
tively provide upper plates (1 3) for th© capacity 
elements (C) and complete interconnections (14) lo 
the interconnection pads (5). 
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Description 

Field of the Invention 

[0001] This invention relates to a method for manu- 
facturing integrated capacrtive elemenls on a semicon- 
ductor substrate. 

[0002] The invention specifically relates to a method 
for manufacturing capacrtive elements on a semicon- 
ductor substrate, comprising at feast the steps of. 

farming a first dielectric layerover said semiconduc- 
tor substrata; 

depositing a first metallization layer on said first di- 
electric layer; 

defining said first metallization layer to provide low- 
er plates of capacitive elements and interconnec- 
tion pads in said dielectric layer; 

- forming a second dielectric layer over said first die- 
lectric layer. 

[0000] The invention particularly, but not exclusively, 
relates to a method for manufacturing capacitive ele- 
ments of high capacitance which are interposed be- 
tween successive metallization levels within a multi-lev- 
el connection structure, implementing in particular a so- 
called "dual damascene" interconnection scheme, sna- 
the description which follows will make reference to 
such a field or application for simplicity of illustration. 

Prior Art 

[0004] As is well known, capacitive elements are pas- 
sive components diffusely employed in integrated elec- 
tronic circuits. 

[0005] A Known technique for integrating metal plate 
capacitors on a semiconductor substrata comprises the 
formation, after an oxide layer has been formed on the 
semiconductor subsiraie, of a metallization layer over 
the oxide layer. The metallization layer is patterned to 
provide the lower plates of the capacitive elements and 
any interconnection pads. 

[0O06] A thin lower dielectric layer is then deposited 
over the entire exposed surface and intended to provide 
the dielectric layer separating the plaics of the capaci- 
tive elements, 

[0007] Those portions of the lower dielectric layer 
Which overlie the metallization pads are removed by a 
photolithographic process, to later allow of the intercon- 
nection of such pads to the next metallization layer 
[0006] An upper dielectric layer is then deposited over 
the antirg wafer surface. 

[0009] Subsequently. Openings are formed through 
this dielectric layer aligned with the metallization pads 
and the lower dielectric layer overlying the lower plates. 
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[0010] The upper dielectric layer has to be stchable 
in a completely selective manner relative to the lower 
dielectric layer, 

[0011] Were not the upper dielectric layer atchable 
relative to the lower dielectric layer, the lower dielectric 
layer might be destroyed or damaged during the forma- 
tion of the contact openings, thereby compromising the 
operabiliiy of the capacitive elements. 
[0012] The manufacturing of the capacrtive elements 
is completed by the deposition and subsequent photo- 
lithographic definition of the next metallization level. 
[0013] 7n© last-mentioned step defines the upper 
plates of the capacitive elemenis and the interconnec- 
tion to the lower metallization level through the open- 
ings. 

[0014] Although in many ways advantageous, the 
above manufacturing method comprises depositing an 
oxide layer which is used to provide the dielectric layer 
between the plates of the capacitive elements and must 
have adequate characteristics to ensure functional ca- 
pacitors, so that it must be suitably provided and real- 
ized in standard manufacturing schemes. 
[0015] The underlying technical problem of this inven- 
tion is to provide a method for manufacturing capacitive 
elomonts, in particular high-capacitanco capacitor© hav- 
ing such structural and functional leaturee as to be in- 
tegratable to processes for manufacturing semiconduc- 
tor-integrated electronic devices without modifying the 
various steps of the manufacturing process, thereby 
overcoming the drawbacks of prior art processes for 
manufacturing capacitive elements. 

Summary Of the invention 

[Q016] The concept behind this invention is one of pro- 
ducing the aforementioned integrated capacitive ele- 
ments by the very steps of a conventional process for 
forming interconnections in integrated circuils, in partic- 
ular a process known as "dual damascene". More par- 
ticularly, the method of this invention provides two layers 
of an insulating material distinguishable from each other 
during the removing and etching steps carried out within 
the multi-level interconnection scheme. 
[0017] Based on this concept, the technical problem 
is solved by a method as described in the characterizing 
portion oT Claim 1. 

_@rief Description of the Drawings 
[0016] In the drawings; 

Figures 1 -4 are vertical cross -sectional views show- 
ing schematically a portion of a semiconductor sub- 
strate wherein an interconnection structure has 
been formed according to the prior art; 

Figures 5-1 2 are vertical cross-sectional views 
showing schematically a portion of a semiconductor 
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substrate whereto the steps of the method for rnarv 
ufacturing capacitive elements According to the in- 
vention have been applied. 



.Description Of the Inunnt™ 

[0019] Referring to Figures 1 to 4, an interconnection 
scheme known as "dual damascene; which is currently 
used to provide interconnections in integrated circuit 
will be described first. 

[0050] A first dielectric layer 20 is formed over a sem- 
iconductor substrate 100. A metallization layer 30 is 
then formed over the dielectric layer 20 and patterned 
to provide a plurality of plates or pads 40 in the first di- 
electric layer 20. 

[0021] A second dielectric fayer 50, and a third dielec- 
tric layer 60 known as the etch stop layer, are then de- 
posited successively as shown in Figure 1. 
[0022] Using a conventional photolithographic proc- 
ess, a nrel opening 70 is formed through the dielectric 
layer 60 aligned with the underlying pad 40 which will 
serve for interconnecting the successive metallization 
layers. 

[0023] As shown in Figure 3, a fourth dielectric layer 
80, identical with tho second dielectric layar 50, io then 
dGposrted. 

[0024] A second opening 90 (Figure A) is then formed 
by a single masking step whereby larger openings tlO 
are defined than the openings 70. 
[0025] During the etching operation for forming the 
second openings 90, the fourth dielectric layer 80 is first 
removed, Thereafter, utillz ing the complete selectivity o! 
this etch relative to the third dielectric layer 60, the etch- 
ing is continued through the second dielectric layer 50 
and stopped at the surface of the underlying pad 40. 
[0026] A second metallic iron layer 120 is then de- 
posited to provide the interconnection (Figure 5) to the 
pad 40 through the openings 130. 
[0027] This metallization layer 1 20 is then subjected 
io an etchback or CMP (Chemical Mechanical Polish- 
ing) step to locate ii within the overall dielectric layer 
comprised of (he second, third and fourth dielectric lay- 
er 7 

[002BJ The above process How is used to implement 
a multi-revel interconnection scheme. 
[0029] Advantageously, a method for manufacturing 
capacitive elements C integrated on a semiconductor 
substrate i which comprises, in accordance with the in- 
vention, the previously described process steps for pro- 
viding interconnections will now be described. 
[0030] The method steps and the structures de- 
scribed hereinafter form no complete Integrated circuit 
manufacturing method. The invention can be practiced 
abng with the integrand circuit manufacturing tech- 
n.quec currently in use by the industry, and only each 
commonly used process steps as aro necessary io an 
understanding of this invention will be discussed 
[0031] The drawing figures that show cross-sections 



through portions of an integrated circuit during its man- 
ufacturing process are not drawn to scale, but rather to 
highlight major features erf the invention 
[0032J A first dielectric layer $ \ s formed on a semi- 
s conductor substrate 1. 

[0033] The total thickness of this first dielectric layer 
2 is the sum of the individual thickness of the silicon ok* 
»de layers, which have been grown by the various ther- 
mai oxidalion operations carried out during the manu^ 
10 factunng of the elementary devices used in standard in- 
tegrated circuits, and those of the dielectrics comprising 
between successive metallization levels. 
[0034] Advantageous^ the larger the thickness of 
this first total dielectric layer 2, the smaller becomes its 
d.efectnc permittivity and the higher the ratio of the ca^ 
pac.tor C, as provided by the inventive method, own ca- 
pacitance to ihe parasitic capacitance toward the sub- 
strate. 

[0035] Using conventional manufacturing steps a 
*> plurality of plates 4 are defined in this first dielectric layer 
2 wh.ch will function as the lower piate of the capacitor 
as well as a plurality of interconnection pads 5 which will 
be used for interconnecting device orfunctional blocks 
provided in the integrated circuit to the connection to the 
% £ noxt metallization layer 1 , 

[0036] Advantageously, the plates 4 and pads 5 are 
formed in the same first metallization layer 3. 
[0037] In particular, this first metallization layer 3 
could belong to an intermediate metallization layer, and 
30 is not required to be the first metallization layar formed 
in the mlegraled circuit, 

[0038] Once the plates 4 and pads 5 are formed, a 
second dielectric layer 6 is deposited. 
[0039J The next manufacturing step comprises the 
3s formation of first openings 7 through the second dielec- 
tric layer 6 only aligned with the plates 4 which will be 
us ed as the lower plate of a capacitor that will be formed 
as shown in Figure 7. 

[0040] From this step onwards, the method eieps fol- 
<* low a standard scheme with standard dual damascene 
processes. That is, a third dielectric layer 8, known as 
the etch stop layer, is deposited on top of the second 
dielectric layer 6, as shown in Figure 8, 
[0041] This third dielectric layer 8 has, >n the method 
« of this invention, an important dielectric function for the 
capacitive element C. 

[0042] Advantageously, this third dielectric layer 8 can 
be deposiied using reduced thermal budget processes 
which are compatible with the underlying metal films 
so This third dielectric layer fi has good adherence on metal 
and high electric permittivity, thereby allowing capaci- 
tors C of high specific capacitance that will be manufac- 
tured. In addition, this third dielectric layer 8 is made 
from high dielectric strength materials, 
ss [0043] The thickness of the third dielectric layer B 
should be adequate to ensure a higher specific capaci- 
tance, and therefore, should be the thinnest, but suffi- 
ciently strong not to impair functionality in the course of 
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subsequent method steps to be applied thereto. 
[0044] The third dielectric layer 8 should be deposited 
to a conforming, i.e. even> thickness, even at the edge 
of the lower plate 4 of the capacitor that has been de- 
fined by the previous method providing the openings 7 
through the second dielectric layer 6, 
[004S] Advantageou$ly, this third dielectric layer B is 
formed from materials of high dielectric permittivity, such 
astantaliumor titanium oxide and strontium and barium/ 
strontium titanates, to be obtained by chemical vapor 
deposition from metal-organic precursors. 
[0046] As shown in Figure 9, the next method step 
comprises forrjiing second openings 9 by conventional 
etching ihrough this third dielectric layer B. 
[0047] These second openings 9 are provided aligned 
with the underlying pad 5 whereby the interconnection 
to the next metallization layer will be established. 
[0046] A fourth dielectric layer 10 is then deposited 
over the entire wafer surface. 

[0049] Advantageously, this fourth dielectric layer 10 
is formed from a material which can remove or attenuate 
the presence of steps at the wafer surface, is compatible 
in the process with the underlying structure, and has 
good adherence on the layer beneath. 
[00S0] Furthermore, this fourth dielectric layer 10 is 
"etchabio" in a completely ©elective manner in the re- 
spect of the third dielectric layer & as provided for by the 
dual damascene scheme. 

[0051] The next manufacturing step comprises form- 
ing third openings 11 through the fourth dielectric layer 
6 aligned with the plate© 4 which will be used as the 
lower plate of a capacitor that will be formed, and fourth 
openings 1 2 through the fourth dielectric layer 6 aligned 
with iho second openings 9, as shown in Figure 11, 
[0OS2] Advantageously, these fourth openings 1 2 are 
larger than said second openings 9. 
[0053] Advantageously, by utilizing the complete se- 
lectivity of the lounh dielectric layer 10 with the third di- 
electric layer 0, and where the second dielectric layer 6 
is made from the same material as the fourth dielectric 
' layer 10, the etching of the fourth dielectric layer 10 is 
continued through the second dielectric layer, and the 
fourth openings 12 reach the pads 5. 
[0054] The manufacturing of the capacitors C is com- 
pleted by ihe deposition and definition of a second met- 
allization layer 12 by an etchback or CMP siep, as 
shown In Figure 1 2, 

[0055] The lasl-menlioned meihod step defines an 
upper plate 14of 1|i@ capacitor C and an inlerconnectjon 
to the first metallization layei 3 through the fourth open- 
ings. 

[0056] To summarize* in the method of this invention, 
the requirement lor tho fourth dielectric layortobe "©ten- 
able* in a completely selective manner 'elaiive to tho 
third dielectric layer & is also essential to the operablllly 
of the capacitors, 

[0057] If this requirement is not met. during the step 
of forming the third openings 11 through the fourth die- 



6 

lectric layer (figure 10), the third dielectric layer fi would 
be destroyed or damaged, and thus compromising the 
operabiiity of the capacitors C, 
[0056] In standard processes, this feature imposes an 

£ additional burden on the integrated circuit manufactur- 
ing process. This feature is instead provided implicitly 
by the dual damascene interconnection scheme. 
[0059] Advantageously, suitable materials for this 
fourth dielectric layer 10 are those having an organic 

10 base and being deposited by a spin-on method, both on 
account of this deposition technique being wefl estab- 
lished and compatible, and because they are etch able 
with an debased chemistry which is selective in the re* 
spect of the etch stop layers 8 previously proposed. 
[0060] Another characteristics thai makes the use of 
6uch materials attractive is their lowdrelectric permittiv- 
ity, which minimizes parasitic capacitances and interfer- 
ence between adjaceni tracks and meial levels. 
[0061] For the purpose, an appropriate choice of the 

20 thickness ratio between the fou rth dielectric layer 1 0 and 
the third dielectric layer 8 can minimise the adverse ef- 
fect on the interconnection by the high dielectric permit- 
tivity required of the last-mentioned layer. 

25 

C|&lnrt£ 

1. A method for manufacturing capaciiiVe elements in- 
tegrated <C)on a semiconductor substrate (1 ), com- 
ae prising et least the steps of: 

forming a first dielectric layer (2) over ©aid sem- 
iconductor substrate (1); 

35 - depositing a first metallization layer (3) on said 
first dielectric layer (2); 

defining said first metallization layor (3) to pro- 
vide lower plates (4) of capacitive elements and 
40 interconnection pads (5) in said dielectric layer 

(2); 

forming a second dielectric layer (6) over said 
first dielecuic layer; characterized in that it com- 
45 prises the additional steps of: 

forming first openings (7) aligned with said low- 
er plates, Ihrough said second dielectric layer; 

so - depositing a third dielectric layer (B) on said first 
dielectric layer and inside said first openings 
(7); 

forming second openings (9) through said third 
£s diBlectric layer aligned wilh said interconnec- 

tion pads (5); 

depositing a fourth dielectric layer (10) on the 
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whole wafer surface, said fourth dielectric layer 
(10) being "etchable" in a completely selective 
manner relative to said third dielectric layer (B); 

forming third openings (11} through said fourth s 
dielectric layer aligned with said lower plates 
(4) as far down as the third dielectric layer (8); 

forming fourth openings (12) through said 
I ourth dielectric layer (1 0) , and the second die- ' o 
lectric layer (6) beneath, aligned with the sec- 
ond openings as far down as said pads (5); 

depositing a second metallization layer (13) 
and in said third (11) and fourth (12) openings, is 
to respectively provide upper plates (1 3) for the 
capacitive elements (C) and complete intercon- 
nections (14) to the Interconnection pads (5). 

2. A method according to Claim 1, characterised in 20 
that the fourth dielectric layer 00} i& made from the 
same material as said second dielectric layer (6V 

3. A method according to Claim 1, characterized in 
that rt comprisas an additional step of planarizing 
eaid metallization layer 

4. A method according to Claim 2, characterized in 
that said fourth openings (12) are larger than said 
second openings (9), 30 

5. A method according \o Claim 2. characterized in 
that said third dielectric layer (6) is a conforming ox- 
ide. 

3S 

6< a method according io Claim 5, characterized in 
thai the third dielectric laysr (6) is a lantalium or ti- 
tanium oxide 

7. A method according to Claim 5, characterized in ao 
that the third dielectric layer (3) is a strontium or bar- 
ium/strontium titanate. 

6. A method according to either Claim 6 or 7, charac- 
terized in thai the lounh dielectric layer (S) is made 4 $ 
from an organic base material, 



so 



HAAP AtiCA* n*»n* jaij*»i**» * * ......... — 



DEC-10-2003 11:10 



SKGF 



202 371 2540 



P. 17 



EP 1 073 101 A1 




DEC-1B-2003 11:11 



SKGF 



202 371 2540 P. 18 



EP 1 073 101 A1 



/ 



p ,60i so ,70 (m 




Figure 3 




Figure 4 
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